The mechanisms underlying formation of complex tissue and organ shape during development remain largely unknown. Here, we show that the chevron-like pattern of the Zebrafish myotome arises from both internal changes within the somite and interactions between the somite and the surrounding tissues.
The mechanisms underlying formation of complex tissue and organ shape during development remain largely unknown. Here, we show that the chevron-like pattern of the Zebrafish myotome arises from both internal changes within the somite and interactions between the somite and the surrounding tissues.
In the developing zebrafish embryo, future muscle segments (somites) are generated from the tailbud, with no specific shape. Nearly all somites then develop a distinctive chevron-like shape, believed to be important in aiding fish swimming. We follow the formation of the somite tissue structure in four-dimensions using confocal and light-sheet imaging. Using single cell tracking and segmentation, we quantify the development of the chevron shape, as well as measuring the relative motion of the somite with respect to the neighbouring tissues using particle image velocimetry. We complement this analysis with mutants and drug treatments that perturb somite formation to disassociate the roles of internal and external processes in chevron shape formation.
This data is incorporated within a theoretical model to investigate the interplay between intrinsic (cellular reorganization within the somite tissue, such as cell rearrangements and cell differentiation) and extrinsic (coupling with neighbouring tissues) factors. We utilise a vertex model that combines tissue differential growth, cell division and rearrangements with anisotropic elongation due to cell differentiation. By exploring the range of the model parameters, we construct a phase diagram of the final somite shape and study in particular the stability of the chevron shape.
Overall, we provide a detailed quantification of the morphology of the developing somite, at both single cell and tissue-scale resolution. Using this quantification, we construct a minimal model to understand the key factors underlying the emergence of complex shape during Zebrafish development. . The implications of this work are numerous and include a role of mechanical conflicts emerging from growth heterogeneity in the reproducibility of shapes. Altogether, this provides a picture in which mechanical forces add robustness to plant morphogenesis, by channeling the dynamics of cell effectors and molecular pathways. Tissue morphogenesis during embryonic development is brought about by mechanical forces which are generated by the specific biophysical and motility properties of its constituent cells. It has also been suggested that embryonic tissues behave like immiscible liquids with a given surface tension and that differences in surface tension between tissues determine their spatial configuration during embryogenesis. To understand how single cell biophysical and motility properties regulate tissue surface tension and how tissue surface tension controls tissue organization in development, we are studying the specific function of germ layer progenitor cell adhesion, cell cortex tension and motility in determining germ layer organization during zebrafish gastrulation. We found that the combinatorial activity of progenitor cell adhesion, cortex tension and motility determines germ layer tissue surface tension and that differences in germ layer tissue surface tension influence germ layer organization during gastrulation. We will discuss these findings in the light of different hypotheses explaining how single cell biophysical properties determine tissue morphogenesis in development. The striking beauty and diversity of colour patterns fascinate not only biologists. Despite their importance as targets for both, natural and sexual selection, little is known about the development and evolution of colour patterns in vertebrates. The pattern of the adult zebrafish is composed of a series of blue and golden horizontal stripes covering the body and the anal-as well as tail fin. Closely related Danio species display very different patterns. Pigment cells-melanophores, iridophores and xanthophores are distributed in three superimposed monolayers under the skin. Whereas in zebrafish melanophores are only present in the dark stripes, both xanthophores and iridophores are spread over the entire body, albeit in different shapes and densities in light and dark stripes. The pigment cells originate from neural crest-derived stem cells associated with the dorsal root ganglia of the peripheral nervous system. Clonal analysis revealed that, surprisingly, progenitors of pigment cells remain multipotent and share the lineage with neurons and glia of the peripheral nervous system well into metamorphosis. They remain plastic and their growth rate is highly variable. Iridophores and xanthophores are capable of proliferating and spreading in the skin as differentiated pigmented cells, whereas pigmented melanophores hardly ever divide or migrate. Collective migration and homotypic competition lead to an even spacing of pigment cells in the skin. This mode of colouring the skin is probably common to fish, whereas different patterns emerge by species specific cell interactions among the different pigment cell types. These interactions are mediated by channels involved in direct cell contact between the pigment cells, as well as unknown cues provided by the tissue environment. Colour patterns provide a novel paradigm for pattern formation by contact-dependent cell-cell interactions. It is a nascent field holding great promise for evolutionary developmental biology. Effective functioning of the body's tissues and organs depends upon the maintenance of proper cell numbers (homeostasis) and replacement of damaged cells after injury (repair), processes that require proper functioning of tissue stem cells. My laboratory focuses on defining how age-related changes in stem cells impact the maintenance and regeneration of skeletal muscle in older animals. Our recent data using transgenic, parabiosis and transplantation models suggests that both local and systemic cues are critical for muscle stem cell function and that modification of metabolic, inflammatory and hormonal mediators can reverse many indicators of age-related pathology and restore robust muscle recovery after injury in aged animals. Together, these studies highlight novel mechanisms by which stem cell activity may be coordinated with the physiological demands of the tissues these cells support, and suggest new strategies for therapeutic intervention to enhance endogenous repair activity or improve the efficacy of transplantation-based cell replacement. doi:10.1016/j.mod.2017.04.520
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The study of premature ageing diseases are of significant interest in the hope that they may provide insight into "natural" ageing. One of the most intensely studied diseases is Hutchinson-Gilford progeria (HGPS). The most common form of this disease is caused by the G608G splicing mutation in the LMNA gene resulting in the production of a farnesylated, truncated form of LaminA protein called progerin. However progeroid conditions have been linked to other LMNA mutations such as E145K and the small DNA binding protein BAF which is associated with the LEM domain proteins at the nuclear periphery. It is still unclear as to how these different mutations lead to premature death, specifically cardiovascular disease in HGPS. However the deleterious effects of progerin are associated with increased oxidative stress, nuclear morphology defects, loss of heterochromatin, persistent DNA damage foci, accelerated telomere shortening, altered levels of the SUN1 and Lap2α proteins and early entry into senescence. In an attempt to address these issues we have studied the consequences of expressing progerin in primary human fibroblasts and different lineages derived from HGPS patient iPS cells. The induction of progerin in fibroblasts triggers premature senescence, chromatin alterations and a reduction in Lap2α association with telomeres, which are ameliorated by exogenous expression of either telomerase or increased Lap2α levels. These findings begin to uncover the molecular basis as to how progerin may induce segmental ageing effects in specific tissues. However it is important to note that there are additional progeric mutations in the LMNA gene, such as E145K, as well as the accumulation of pre-LaminA, induce similar pathologies that still result in premature death, suggesting that multiple pathways may converge on an as yet undefined common mechanism that leads to accelerated ageing. Variations in cerebral cortex size and complexity are thought to contribute to differences in cognitive ability between humans and other animals. We have used primate stem cell systems to understand the cellular and molecular mechanisms underlying species differences in cortical neurogenesis. Directed differentiation to cerebral cortex of human and non-human primates pluripotent stem cells (PSCs) in adherent two-dimensional (2D) and organoid three-dimensional (3D) culture systems enables comparative studies of neurogenesis in each species. Clonal cell lineage analysis showed that primate cortical progenitors proliferate for a protracted period of time during which they generate early-born neurons, in contrast to rodents where this expansion phase largely ceases before neurogenesis begins. The extent of this additional cortical progenitor expansion differs among primates, leading to differences in the number of neurons generated by a progenitor cell in each species, and thus total neuronal number. We found that this mechanism for controlling cortical size is regulated cell-autonomously in culture, suggesting that primate cerebral cortex size is regulated at least in part at the level of individual cortical progenitor cell clonal output. To gain insight into the molecular mechanisms regulating progenitor cell output, we are identifying candidate genes and pathways from single cell RNA sequencing in each species, as well as available comparative genomics data. Functional studies of genes displaying differential expression among primate cortical progenitor cells will be described, including identification of a gene whose level of expression regulates progenitor cell proliferation and neurogenesis and thus human brain size. doi:10.1016/j.mod.2017.04.522
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The coordination of lipid production and degradation is essential for animals' health -lipid imbalances are characteristic of obesity and a feature of many reproductive pathologies and age-related diseases. But
